BACKGROUND: Accidental decannulation is a cause of substantial morbidity and mortality in patients in long-term acute care hospitals who require a tracheostomy tube. OBJECTIVE: To analyze features of accidental decannulation (AD) following placement of a tracheostomy tube, and to implement strategies to reduce the problem. METHODS: An analysis of data collected prospectively for quality management in a long-term acute care hospital was performed. RESULTS: AD occurred at a rate of 4.2 ؎ 0.9/1,000 tracheostomy days over a 7 month period. Factors associated with AD included mental status changes, increased secretions, and change of shift. Following the implementation of a series of interventions (staff education on risk factors for AD and best tracheostomy care practice; increased availability of telemetry and oximetry; and signage to identify patients at high risk of AD), the incidence of AD over a subsequent 7 month period was significantly reduced, to 2.7 ؎ 1.9/1,000 tracheostomy days. In addition the numbers of multiple, unmonitored, unreported, and night shift ADs were all significantly reduced. CONCLUSIONS: Targeted interventions can significantly reduce both the incidence of AD following tracheostomy and associated morbidity. Best practice guidelines to help minimize AD in patients with tracheostomy tubes are proposed.
Introduction
The loss of an artificial airway may result in serious consequences. Unlike accidental extubation following translaryngeal intubation. [1] [2] [3] [4] accidental decannulation (AD) is not a well recognized complication of tracheostomy in adults, especially in the post-acute setting, and most reports are single cases. [5] [6] [7] [8] More data are available on AD occurring in the pediatric population, either in the hospital 9, 10 or home setting. 11 The number of patients receiving prolonged mechanical ventilation via tracheostomy has been increasing. 12 A tracheostomy tube secures the airway, reduces the risk of laryngeal injury, 13 may enhance weaning, 14 -16 and facilitates the transfer of the patient from an ICU to a less acute setting such as a respiratory step down unit or a long-term acute care hospital (LTACH). 17 This LTACH based study, prompted by 2 sentinel events, was performed in order to determine the incidence of AD, to identify factors related to AD, to design and implement strategies to reduce AD, and to measure the impact of these strategies on AD incidence.
Methods

Setting
The study was performed at an LTACH system (3 sites) located in Massachusetts. The LTACH has 160 active beds and receives an average of 2,500 admissions per year. Approximately 35% of all admitted patients (n ϭ 56) have a tracheostomy tube in position, 65% of whom require prolonged mechanical ventilation. The remaining patients have a tracheostomy tube for airway protection. An increasing number of patients are admitted for management of noninvasive mechanical ventilation. Comprehensive medical and rehabilitative care is delivered at the LTACH system to patients with complex medical diseases, with an average stay of 25 days. There is focus on weaning from mechanical ventilation, noninvasive mechanical ventilation, management of multiple comorbidities, and specialized wound care. Physical, occupational, and speech therapy, along with nutritional support, are all available.
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Routine tracheostomy care, including tracheostomy tube changes, is provided by trained respiratory therapists, supervised by pulmonary/critical care physicians. Staffing is allocated on a unit basis (on average 20 beds), with one respiratory therapist allocated per unit. There is a nurse to patient ratio 1:5, with nursing aides also assisting with patient care. Videobronchoscopy is available for managing complex airways.
A waiver for informed consent was obtained from the institutional review board at New England Sinai Hospital.
Definition of Accidental Decannulation
AD was defined as the unexpected removal of a tracheostomy tube, either by the patient or during care delivery (such as turning patient). Scheduled decannulations were excluded.
Data Collection
Following 2 sentinel AD events resulting in death, a prospective data collection system was initiated on January 1, 2007 , by the quality management department, to determine the frequency of AD and the factor(s) associated with each reported AD. Incident reports filed by staff were the primary data source for 95% of AD events, and the remaining events were identified from staff meetings, review of medical records, and billing compliance. Once an AD event was identified, a chart review was performed and, if necessary, staff interviews performed to determine timing of the event, possible associated factors, and complications following the AD. Data were collected on paper and then entered into a spread sheet (Excel, Microsoft, Redmond, Washington).
Time Frame of Data Collection
The 7 month period from January 1, 2007, through July 31, 2007, was considered a "baseline period," as it predated the implementation of any formal interventions to reduce AD. Following an analysis of factors associated with AD reported during the baseline period (root cause analysis), interventions to reduce AD incidence were developed by a multidisciplinary committee representing medicine, nursing, and respiratory therapy. The interventions were designed to address deficits in care of the patient with a tracheostomy in the following areas: caregiver knowledge, process of care, and equipment. The interventions were implemented over 3 month period from August 1, 2007, through October 31, 2007 . Follow-up AD data were then collected over a subsequent 7 month period (November 1, 2007, through May 2008). All AD event data collected over each 7 month period are expressed as mean Ϯ SD.
Statistical Analysis
Continuous variables were analyzed using the Wilcoxon 2-sample test. Statistical significance was assumed when P Ͻ .05.
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Current knowledge
Accidental decannulation is a cause of substantial morbidity and mortality in patients in long-term acute care hospitals who require a tracheostomy tube. Techniques to reduce the incidence of accidental decannulation are not well described.
What this paper contributes to our knowledge
Accidental decannulation occurs in 4.2 Ϯ 0.9/1,000 tracheostomy days. Factors associated with accidental decannulation include mental status changes, increased secretions, and change of shift. Implementation of a series of interventions can reduce the incidence of accidental decannulation.
Results
Accidental Decannulation Rate
The AD rate/1,000 tracheostomy days per month is shown in the Figure. The timing and effect of the interventions are shown. The AD rate during the 7 month period prior to the intervention was 4.2 Ϯ 0.9/1,000 tracheostomy days, occurring in 60 patients. Other data are shown on Table 1 . Thirty-two percent of ADs occurred in patients undergoing prolonged mechanical ventilation via tracheostomy. In 12% of ADs a sleep apnea tube was in place. Following AD, S pO 2 was maintained above 95% in 88% of patients and fell to Ͻ 90% in 12% of patients. Stoma closure occurred in 9% (n ϭ 3) of patients following AD. No deaths from AD occurred during the study period or during the subsequent 2 years.
Factors Associated With Accidental Decannulation
A number of factors (patient or system related) were identified as being associated with AD (Table 2 ).
Interventions to Prevent Accidental Decannulation
Interventions were developed and then implemented with a focus on increasing caregiver knowledge and enhancing equipment. The goal of the educational component was to correct identified knowledge deficits in tracheostomy care. Mandatory educational modules (Table 3) were presented to medical, nursing, and respiratory therapy staff, either in a classroom or at the bedside during the 3 month intervention period. Following a review of baseline AD data, additional equipment needs were identified (see Table 3 ).
Revisions were also made to policies to clarify expectations for monitoring patients at risk of AD.
The Effect of the Interventions on Accidental Decannulation
Data obtained in the 7 month follow-up period following the interventions (see Table 1 ) demonstrated a significant reduction in the AD rate, to 2.7 Ϯ 1.9/1,000 tracheostomy days (P ϭ .04) in a total of 33 patients. There was a significant reduction in episodes of desaturation following AD following the interventions (pre-intervention 0.6 Ϯ 0.8 events, compared with post intervention 0.4 Ϯ 0.5 events, P ϭ .02). There was a significant reduction in the number of ADs occurring in patients not monitored with oximetry (pre-intervention 2.6 Ϯ 0.9, compared with 0.9 Ϯ 1.1, P ϭ .004). In addition there was a significant reduction in the number of patients with multiple AD events, the number of AD events in patients on mechanical ventilation, and in AD events occurring during the night shift following the interventions. Other data are shown in Table 1.
Discussion
In this study we have identified factors associated with AD and have demonstrated a reduction in the AD rate following the implementation of a series of interventions. This study was motivated by 2 AD related deaths. The first occurred following AD in a patient with a recently placed tracheostomy tube, during routine skin care. The tracheostomy tube was inadvertently replaced in a false passage in the anterior mediastinum, a previously reported complication of AD. 18 The second death occurred following an AD that remained undetected for a critical period of time, due to equipment failure.
The clinical implications of any AD depend on a number of factors, including the indications for tracheostomy tube placement and the skill level of the responding staff. AD occurring in a patient with a mature tracheostomy stoma (ie, tracheostomy tube in position for at least 7 d) and with normal neck anatomy should be a benign event. AD occurring in this setting is uncomplicated because the tracheostomy tube can usually be easily reinserted. In fact, the decision to permanently decannulate the patient may be informed by an AD that was uncomplicated.
However, AD may result in important morbidity and even mortality when it occurs in patients with a recently placed (Ͻ 7 d) tracheostomy tube. Those patients with substantial airway pathology, increased neck circumference, marginal oxygenation, or in whom the tracheostomy tube is essential for mechanical ventilation appear to be particularly vulnerable. In these situations, airway patency must be quickly re-established in order to avoid prolonged hypoxemia, organ failure, or death.
In this study we identified a number of factors associated with AD. In greater than 40% of AD events, mental status changes such as agitation and delirium appeared to be important. Although delirium is a well described longterm complication of critical illness, 19 it has not been well studied in the LTACH setting. The recognition and treatment of delirium, along with sedation management, are important when liberating patients from mechanical ventilation. It is necessary to optimize respiratory drive 20 -22 and enhance patient participation in rehabilitative efforts, while at the same time avoiding mental status changes that could result in AD.
In 14% of cases of AD, increased pulmonary secretions were reported to be present. 23 Typical strategies include effectively treating pulmonary infections, optimizing cardiac function, and maintaining adequate oral hygiene. Anticholinergic medications to reduce secretions can also be helpful 24 but may affect mental status. More work is needed to determine if secretions play a role in AD. Fourteen percent of all ADs occurred during change of shift. Hand-off communication from one shift to the next is essential for patient safety, but direct patient supervision can be compromised as a result. Patient supervision can be maintained during hand-off, by using either a "walking report" format or a hand-off located at the bedside. Either approach may reduce accidental falls and improve calllight response. 25, 26 We have recently found bedside handoffs for both nursing and respiratory therapy to be very effective in reducing AD in high risk patients in the LTACH setting.
In 14% of ADs, limb restraints were not implemented despite the presence of mental status changes. The use of limb restraints should be minimized in the hospital setting, to both reduce the likelihood of trauma or injury to the restrained limb as well as to preserve patient autonomy and dignity. 27 However, minimizing restraint use in patients with medical devices always carries a risk of deliberate or accidental device removal. In a recent survey designed to identify caregiver perceptions of risk factors for unplanned extubation in the ICU, 72% of caregivers considered the absence of physical restraints a risk factor for accidental extubation. 28 It is not clear from our data whether the lack of restraints per se increased the risk of AD. The use of sitters in the room, rather than restraints, to prevent device removal is effective, but can be costly. High dependence units within the LTACH with greater supervision and a higher nursing/patient ratio for high risk patients may be needed for some patients.
The tracheostomy tube must be secured with ties to prevent AD. Excessive tightening of ties must be avoided to prevent hospital acquired pressure ulcer formation around the neck. Surgeons usually suture the flange of the tracheostomy tube to the skin as an additional safety measure to prevent AD. 29 Stay sutures may also be placed to facilitate re-insertion of a tracheostomy tube following AD. 30 Patients at risk of AD need to be identified at the time of tracheotomy to ensure the device is appropriately secured prior to discharging the patient to a less acute care setting.
During the observational period we identified deficits in knowledge regarding care of the patient with a tracheostomy. Like other LTACHs, the hospital had experienced a substantial increase in patient acuity. 31 Staff were caring for patients who were discharged from ICUs with higher levels of acuity, including substantial numbers with recently placed tracheostomy tubes in position.
Following the introduction of targeted interventions designed to correct deficiencies identified in the observational period, we demonstrated a significant reduction in AD rate in the follow-up time period. Others have demonstrated reductions in unplanned extubations following endotracheal intubation using similar strategies. 23 In addition, the number of multiple AD events, along with ADs occurring in unmonitored patients and those on mechanical ventilation, were all significantly reduced. There was a significant reduction in AD occurring during the night shift, but not during the day and evening shifts. We suspect this reflects better tracheostomy care in general. The significant reduction in the numbers of ADs occurring without an incident report being filed reflects staff being encouraged to report adverse events, thus helping provide data for quality improvement. The availability of telemetry and bedside oximetry was greatly expanded with state of the art equipment being installed. Patients with tracheostomy tubes were admitted only to units with this enhanced monitoring capability. Monitoring guidelines were implemented to ensure that appropriate patients were monitored and staff were educated about monitoring fatigue. A significant reduction in unmonitored AD events was noted following these interventions. The results suggest that the interventions had a significant impact on both caregiver knowledge and process of care. In the obese population, carefully selecting the size of the tracheostomy tube based on predictors of trachea to skin thickness may also help reduce AD. 32 More recently we have been able to further reduce AD to negligible levels by mandating hourly rounding by respiratory therapists on all patients with a tracheostomy and changing work flow patterns to ensure that this is practical. Other strategies used to improve quality, such as mistakeproofing and force function, could also be adapted to tracheostomy care to try and eliminate AD. 33 The AD rate in the LTACH setting could be a useful benchmark of quality, in much the same way as central line infections has become a benchmark for rating acute care hospitals on delivery of care. It is imperative that LTACHs have strategies to optimize the safety of patients admitted with tracheostomy tubes. High risk patients must be identified so that strategies to avoid AD during the initial 10 days (when patients are most vulnerable) can be implemented. Unless the receiving LTACH has caregivers trained in safely changing tracheostomy tubes, along with necessary equipment to manage the change and any unexpected complications (such as airway loss), the initial tracheostomy tube change should be performed at the acute care hospital. This could be done either prior to discharge to the LTACH or arranged in the out-patient setting. LTACH staff must be aware that attempts by unskilled practitioners to reinsert a freshly placed tracheostomy tube that has become dislodged can result in a misplaced tube with subsequent loss of the airway, which in turn may be fatal.
This study has some limitations. Some benign AD events with no consequences may have never been identified, and as a result the AD rate may have been underestimated. Reliable differentiation between staff-initiated and patientinitiated AD was not possible. This study was based at a single LTACH system, and results may not be applicable to other LTACHs.
Conclusions
In conclusion, the rate of AD in patients with tracheostomies in an LTACH was significantly reduced following interventions designed to improve both caregiver knowledge and the care delivery processes. We have developed best practice recommendations (below) to help minimize AD in the LTACH setting.
Best Practice Recommendations
Knowledge: Optimize caregiver (physician, mid-level providers, nursing, respiratory therapy) knowledge about AD. Relevant topics include upper airway anatomy, tracheostomy (indications, types, early and late complications), decannulation (planned and accidental), and risks factors for AD.
Safe practice: Develop care pathways to reduce risks of AD during routine care. Examples include: reduce risk of AD during turning and cleaning of patients at high risk of complications following AD (one additional staff member responsible for monitoring the position of the tracheostomy tube during care); ensure optimal tracheostomy tie tension to avoid both AD and tie related hospital acquired pressure ulcer formation; time out procedure prior to any tracheostomy tube change (correct patient, correct replacement tracheostomy tube, correct monitoring available, contingency planning in event of failure to replace tube); and hourly rounding by nursing and respiratory therapists to check on tracheostomy tie tension and tracheostomy tube position.
Identify and monitor the high risk patient: difficult tube placement, difficult endotracheal intubation, mental status changes/delirium recognition, tracheostomy tube in place Ͻ 7 days. Clearly identify tracheostomy type, size, length, date of last change in the medical record.
Optimize available monitoring capabilities and equipment: telemetry, tracheoscopy, aids to intubation (eg, GlideScope), adequate tracheostomy tube size and length, spare tracheostomy tube at bedside.
Develop strong collaborations with staff with expertise in complex airway management (eg, otolaryngology and interventional pulmonology).
